Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) are the first-line treatment for patients with EGFR mutant non-small-cell lung cancer (NSCLC). However, most patients become resistant to these drugs, so their disease progresses. Osimertinib, a third-generation EGFR-TKI that can inhibit the kinase even when the common resistance-conferring Thr790Met (T790M) mutation is present, is a promising therapeutic option for patients whose disease has progressed after first-line EGFR-TKI treatment. AURA3 was a randomized (2:1), open-label, phase III study comparing the efficacy of osimertinib (80 mg/d) with platinum-based therapy plus pemetrexed (500 mg/m 2 ) in 419 patients with advanced NSCLC with the EGFR T790M mutation in whom disease had progressed after first-line EGFR-TKI treatment. This subanalysis evaluated the safety and efficacy of osimertinib specifically in 63 Japanese patients enrolled in AURA3. The primary end-point was progression-free survival (PFS) based on investigator assessment. Improvement in PFS was clinically meaningful in the osimertinib group (n = 41) vs the platinumpemetrexed group (n = 22; hazard ratio 0.27; 95% confidence interval, 0.13-0.56).
(54.5%) treated with platinum-pemetrexed. The safety and efficacy results in this subanalysis are consistent with the results of the overall AURA3 study, and support the use of osimertinib in Japanese patients with EGFR T790M mutation-positive NSCLC whose disease has progressed following first-line EGFR-TKI treatment. (ClinicalTrials.gov trial registration no. NCT02151981.)
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| INTRODUCTION
Epidermal growth factor receptor TKIs are established as the first line of treatment of patients with EGFR-mutated NSCLC. 1 However, resistance nearly always develops. Despite good response rates with first-line EGFR-TKIs, most patients experience disease progression within 8-14 months of treatment. [1] [2] [3] A point mutation in the EGFR gene leading to T790M is found in approximately 50%-60% of EGFR-TKI-treated patients at the time of disease progression. [4] [5] [6] [7] This mutation is believed to render the receptor refractory to inhibition by reversible first-generation EGFR TKIs through effects on both steric hindrance 8 and increased ATP affinity. 9 Although afatinib, an irreversible second-generation EGFR TKI, overcame T790M activity preclinically, 10 it failed to overcome T790M-mediated resistance in patients. 11, 12 Two studies of Japanese individuals found that the prevalence of the EGFR T790M mutation was 50% and 64% in tumors with acquired resistance to EGFR-TKIs. 13, 14 A previous study showed a poor response to platinum-based doublet chemotherapy with or without bevacizumab in Japanese NSCLC patients with de novo and acquired EGFR T790M mutations, with overall response rates of 25.0% and 22.2% and median survival times of 29.1 and 15.3 months, respectively. 15 After failure with first-line EGFR-TKI treatment in Japanese patients with EGFR mutation-positive advanced NSCLC, responses to platinum-based chemotherapy were poor, as shown by an ORR and median survival time of 25.4% and 28.9 months, respectively. 16 A phase II study of NSCLC patients, including those with EGFR mutations, who experienced disease progression after erlotinib and/or gefitinib treatment also showed a poor response, with an ORR and median PFS of 8.2% and 4.4 months, respectively, after treatment with the irreversible ErbB family blocker, afatinib. 12 In the same study, the best response in 2 patients with acquired EGFR T790M mutations was stable disease.
Osimertinib is an oral, irreversible, CNS-penetrant EGFR-TKI with high selectivity for mutated EGFR, including EGFR with the T790M mutation. 17, 18 A phase I study of osimertinib found an overall ORR of 51% in patients who had progressed following prior treatment with EGFR-TKI inhibitors. The response rate was 61% in evaluable patients with confirmed EGFR T790M, and 21% in those without detectable EGFR T790M. 19 The safety and efficacy of osimertinib 80 mg once daily were studied in a phase II, single-arm study in This current subgroup analysis, prespecified in the statistical analysis plan of the AURA3 study, was designed to investigate the efficacy and safety of osimertinib in the Japanese patients enrolled in AURA3.
| MATERIALS AND METHODS

| Trial design
Patients were enrolled from 24 centers in Japan. The design of the study has been reported in detail elsewhere. 21 In the overall cohort, patients were randomized in a 2:1 ratio to receive either osimertinib or pemetrexed plus either carboplatin or cisplatin (platinum-pemetrexed). Investigators chose either carboplatin or cisplatin for each patient before randomization. Patients were randomized centrally using an interactive voice/web response system. Sixty-three (15%) of the 419 participants enrolled in the original AURA3 study were recruited in Japan and were included in the current analysis.
All patients provided written informed consent prior to screening. Patients were free to discontinue treatment or to withdraw consent to participate in the study at any time. The study adhered to the principles laid down in the Declaration of Helsinki and relevant local and international guidelines and was approved by ethics committees or institutional review boards at all participating institutions.
The study is registered at ClinicalTrials.gov (NCT02151981). 
| Interventions
This was an open-label study. In the osimertinib group, patients received oral osimertinib at a dose of 80 mg once daily. In the platinum-pemetrexed group, patients received i.v. pemetrexed 500 mg/ m 2 plus either carboplatin at an area under the plasma concentration-time curve of 5, or cisplatin 75 mg/m 2 every 3 weeks for up to 6 cycles. Optional maintenance pemetrexed treatment was permitted for patients whose disease had not progressed after 4 cycles of platinum-pemetrexed.
Treatment continued until disease progression, the development of unacceptable AEs, or a request by either the patient or the physician to discontinue treatment. In accordance with a protocol amendment, patients assigned to platinum-pemetrexed could be switched to osimertinib in the event of disease progression assessed by the investigator and confirmed by a blinded independent central review committee.
| Outcomes
The primary outcome measure was PFS assessed by the investigator according to RECIST version 1. 
| Statistical analyses
A full description of the statistical analyses, including the sample size calculation, has been reported in detail elsewhere. 21 The full analysis set included all randomized patients and was used for all efficacy and exploratory analyses. The safety analysis set comprised all patients who received at least 1 dose of randomized treatment. No statistical analyses were undertaken for safety data and they were presented as summary data. All calculations were carried out with SAS software version 9.4 (SAS Institute, Cary, NC, USA). Table 1 provides the characteristics of enrolled patients in the overall cohort and the Japanese subgroup. Patient characteristics in the Japanese subgroup were comparable with those in the overall study cohort. Baseline characteristics were generally balanced across treatment groups in the overall study cohort and in the Japanese subgroup. In the Japanese subgroup, 63.5% of patients were female (n = 40) and 65.1% were never-smokers (n = 41). The percentage of patients with CNS metastases at baseline was 30.2% (n = 19) in the Japanese subgroup (29.3% in the osimertinib group and 31.8% in the platinum-pemetrexed group; Table 1 ).
At the data cut-off, the median duration of treatment was 9.95 months (range, 0.6-17.5 months) for osimertinib and 5.03 months (range, 0.7-14.0 months) for platinum-pemetrexed.
After disease progression, patients were treated with chemotherapy (platinum doublet, monotherapy), EGFR-TKIs, immune checkpoint inhibitors, or radiation therapy. Figure 2 shows PFS in the global cohort 21 and Japanese subgroup.
| Progression-free survival and tumor responses
PFS was longer in the osimertinib group than in the platinum-pemetrexed group. In the Japanese subgroup, the hazard ratio was 0.27 (95% CI, 0.13-0.56), and the median PFS was 12.5 months in the osimertinib group and 4.3 months in the platinum-pemetrexed group. These results were consistent with those in the global cohort. Table 2 shows a comparison of best objective responses, the ORR, DCR, and duration of response in the 2 treatment groups. The mean reduction of tumor size in the target lesion after 6 weeks was 34.7%
in the osimertinib group and 18.8% in the platinum-pemetrexed group. All 41 patients in the osimertinib group showed a reduction of tumor size in the target lesion regardless of the best objective response (partial response, stable disease, or progressive disease).
Among patients in the platinum-pemetrexed group, most (19/22, 86 .4%) showed a reduction of tumor size in the target lesion, except for 3 patients (3/22, 13.6%) who showed an increase of tumor size in the target lesion (1 patient with stable disease and 2 patients with progressive disease) ( Figure S1 ). The findings for secondary outcomes were broadly similar between the Japanese patients and the overall cohort. Overall survival was not analyzed because the data were immature at the cut-off.
| Safety
Adverse events occurred in all patients in both groups. Grade ≥3
AEs or SAEs were reported in a higher proportion of patients in the platinum-pemetrexed group (Table 3) . Adverse events that were determined as possibly related to treatment by investigators in the Japanese subgroup analysis (summarized in 
| DISCUSSION
The objective of the current study was to evaluate the safety and efficacy of osimertinib in the 63 Japanese patients enrolled in AURA3. This was a randomized, open-label, phase III clinical trial of NSCLC patients with the EGFR T790M mutation whose disease progressed after first-line EGFR-TKI treatment.
Our findings in the Japanese subgroup are consistent with those for the overall study cohort. 21 Clinically relevant improvements were T A B L E 1 Demographic characteristics in the overall study cohort and Japanese subgroup of patients with EGFR T790M mutation-positive advanced non-small-cell lung cancer treated with osimertinib or platinum-pemetrexed Characteristic Osimertinib Platinum-pemetrexed All patients 21 (n = 279) Japanese patients (n = 41) All patients 21 (n = 140) Japanese patients (n = 22) Six patients without centrally confirmed Thr790Met (T790M) mutation-positive status documented in the trial database/3 patients subsequently confirmed to be tumor T790M mutation-positive. In the Japanese subgroup, 1 patient in the osimertinib group was reported as having missing results, but was T790M mutation-positive (100% T790M positive, n = 63): the patient had a T790M positive result recorded under the patient's previous study code, which was missing from the database by error.
e Includes G719X, S768I, and exon 20 insertion. f One patient had 3 previous anticancer regimens.
observed in PFS and tumor responses in the osimertinib group compared with the platinum-pemetrexed group of the Japanese subgroup (hazard ratio, 0.27; 95% CI, 0.13-0.56). The median PFS was 12.5 months in the osimertinib group and 4.3 months in the platinum-pemetrexed group.
Our results were similar to a previous Japanese phase III study in patients with advanced EGFR-mutated NSCLC who were na€ ıve to any EGFR-TKIs and were randomized to treatment with another EGFR-TKI treatment, gefitinib, or chemotherapy, although the target patients were TKI-pretreated EGFR T790M mutation-positive in this AURA3 study, 2 which reported a significantly longer PFS with gefitinib than chemotherapy (10.4 months vs. 5.5 months, respectively;
hazard ratio for PFS with gefitinib, 0.36; 95% CI, 0.25-0.51; P < 0.001). This indicated that the use of osimertinib in patients harboring the EGFR T790M mutation after disease progression by prior EGFR-TKI therapy is supported even in the Japanese population.
Notably, among 174 Japanese and 1036 overall patients screened, 63 (36.2%) and 413 (39.9%) patients, respectively, were enrolled in the study with T790M mutation-positive status. 21 Thus, the proportion of patients with documented EGFR T790M mutation between the Japanese and global cohorts was broadly similar.
Treatment options for NSCLC patients with EGFR mutations who experienced disease progression after EGFR-TKI therapy are limited.
The LUX-Lung 1 and LUX-Lung 4 trials evaluated the efficacy of afatinib in NSCLC patients after failure with erlotinib or gefitinib in a global study cohort and Japanese patients, respectively. IMPRESS trial were 5.4 months (95% CI, 4.6-5.5) and 34%, respectively. 22 Thus, the median PFS and ORR in the AURA3 trial is considered to be broadly similar to the historical data. However, these comparisons should be interpreted with caution as there is no specific study of platinum doublet chemotherapy in patients with T790M mutation-positive NSCLC who have progressed on prior EGFR-TKI therapy, and the trials compared here are heterogeneous.
A retrospective analysis of 24 patients treated with EGFR-TKI rechallenge in combination with bevacizumab showed a higher DCR (88%) and a slightly longer PFS (4.1 months) than have previously been published for similar patients treated with EGFR-TKI rechallenge alone. Furthermore, both the DCR and PFS in this study were higher in EGFR T790M mutation-negative patients compared with those in EGFR T790M mutation-positive patients (DCR 88% vs. 86%
[P = 1.00] and PFS 4.1 vs. 3.3 months [P = 0.048], respectively). 23 Although the present study showed clinically meaningful improvement in PFS in the osimertinib group vs the platinum-pemetrexed group, further study is warranted to determine whether combination treatment with anti-vascular endothelial growth factor therapy would provide any additional benefit, particularly in EGFR T790M mutationpositive patients.
In the current study, there were small numerical differences in AEs in the osimertinib group compared with the overall study cohort (22%). 21 However, the safety profile of osimertinib in the Japanese patients was broadly similar to the overall cohort and no new safety signals were presently identified. Three Japanese patients in the osimertinib group experienced 3 ILD-related AEs (CTCAE grades 1 and 2), and all 3 patients recovered. There was no increase in ILD severity in the Japanese subgroup compared with the overall study cohort.
This study has some limitations, including its open-label nature. 21 Given that this was a subgroup analysis, the number of patients is relatively small, meaning results should be interpreted with some caution.
In conclusion, the results of this study suggest that osimertinib is effective as a standard regimen in Japanese NSCLC patients carrying the EGFR T790M mutation with disease progression after EGFR-TKI therapy. Osimertinib was relatively well tolerated, with low incidences of causally related AEs classified as CTCAE grade ≥3 or SAEs.
The findings in this subgroup of Japanese patients were consistent with those observed in the overall study cohort. T A B L E 3 Rates of adverse events (AEs) in the overall study cohort and Japanese subgroup of patients with EGFR T790M mutation-positive advanced non-small-cell lung cancer treated with osimertinib or platinum-pemetrexed was designed under the responsibility of AstraZeneca. The study was funded by AstraZeneca; osimertinib was provided by AstraZeneca; AstraZeneca contributed to the study design, the collection, analysis, and interpretation of data, the writing of the manuscript, and the decision to submit the manuscript for publication. All authors had full access to all of the data in the study and had final responsibility for the decision to submit for publication.
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T A B L E 4 Possibly causally related adverse events (AEs) in the Japanese subgroup of patients with EGFR T790M mutation-positive advanced non-small-cell lung cancer treated with osimertinib or platinum-pemetrexed Safety analysis set (all patients who received at least 1 dose of the study drug and for whom post-dose data were available). Adverse events were assessed by the investigator, and include those with an onset date on or after the date of the first dose and up to and including 28 days following discontinuation of randomized treatment or the day before first administration of cross-over treatment if within 28 days. Some patients had more than 1 AE. a Grouped term: if a patient had multiple preferred term level events within a specific grouped term AE, then the maximum grade of CTCAE across those events was counted.
